The University of Akron

IdeaExchange@UAkron
Williams Honors College, Honors Research
Projects

The Dr. Gary B. and Pamela S. Williams Honors
College

Spring 2022

The Patterns and Prevalence of Vestibular Disorders in Relation to
Pediatric Concussions
Emma Vosniak
ejv23@uakron.edu

Follow this and additional works at: https://ideaexchange.uakron.edu/honors_research_projects
Part of the Speech Pathology and Audiology Commons

Please take a moment to share how this work helps you through this survey. Your feedback will
be important as we plan further development of our repository.
Recommended Citation
Vosniak, Emma, "The Patterns and Prevalence of Vestibular Disorders in Relation to Pediatric
Concussions" (2022). Williams Honors College, Honors Research Projects. 1469.
https://ideaexchange.uakron.edu/honors_research_projects/1469
This Dissertation/Thesis is brought to you for free and open access by The Dr. Gary B. and Pamela
S. Williams Honors College at IdeaExchange@UAkron, the institutional repository of The University
of Akron in Akron, Ohio, USA. It has been accepted for inclusion in Williams Honors College,
Honors Research Projects by an authorized administrator of IdeaExchange@UAkron. For more
information, please contact mjon@uakron.edu, uapress@uakron.edu.

VESTIBULAR PATTERNS IN PEDIATRIC PATIENTS WITH CONCUSSIONS

The Patterns and Prevalence of Vestibular Disorders
in Relation to Pediatric Concussions
Emma J. Vosniak
The University of Akron
College of Health and Human Sciences
April 2022

1

VESTIBULAR PATTERNS IN PEDIATRIC PATIENTS WITH CONCUSSIONS

2

Table of Contents
ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
LITERATURE REVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5
METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15
RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15
DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .24
CONCLUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .28
ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .31
APPENDIX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .35

VESTIBULAR PATTERNS IN PEDIATRIC PATIENTS WITH CONCUSSIONS
Abstract
INTRODUCTION: Concussion, also known as a mild traumatic brain injury, is a movement of
the brain that can cause damage to the cells of the brain and any surrounding structures. One of
the closest structures is the vestibular system, a part of the inner ear, controlling our balance and
bodily movement. Though it is known that vestibular disorders and related symptoms are
common after a concussion, there remains limited research regarding approaches to better
address these disorders, associated symptoms, and best practices for shortening patient recovery
time. STUDY AIM: The purpose of this study is to identify patterns regarding the prevalence,
assessment, and treatment of vestibular disorders in pediatric patients who have sustained past
concussions. Outcome measures include a determination of the prevalence of common postconcussion dysfunctions, assessments most commonly used on children for the diagnosis and
measurement of outcomes for concussion patients, and disorders most likely to affect the
recovery process. METHODOLOGY: An online qualitative survey was distributed to
audiologists, physical therapists, occupational therapists, and sports medicine doctors from
across the country that interact with this patient population. Survey results were reviewed to
investigate overall patterns within the data. RESULTS: Results included a total of 16
respondents from 4 different fields of study. Findings indicated that following a concussion,
vestibular and ocular dysfunction and associated disorders were most common, leading to a
longer recovery period. Objective assessments are most often used for a concussion diagnosis,
and subjective assessments are most often used for measurement of balance outcomes.
This study is significant because of its approach to analyze concussion care from multiple
disciplines and covers the entire treatment process. CONCLUSION: In conclusion, vestibular
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and ocular disorders were found to have a high prevalence following pediatric concussion, and if
treated swiftly and with individuality, the patient may have a shorter recovery.
Introduction
A concussion occurs when the brain is moved inside the skull and causes damage to the
tissues and surrounding structures. Diagnosis of concussions in the pediatric population are on
the rise, with an increase of greater than 71% between 2010 and 2015 for children 10 to 19 years
of age (Yaramothu et al., 2019). This sharp increase has caught the attention of the medical
community, and for good reason. Much remains unknown about the brain and how it can be
impacted by a concussion. Although the plasticity of a child’s brain may allow for a quicker
healing after a concussion compared to an adult, there can still be lasting effects years following
the injury. These lasting effects may be due to the concussive effect on areas of the brain which
are associated with common post-concussion symptoms such as dizziness or migraines, which
may originate from the vestibular system, the structure that allows people to balance and control
their body movements through space.
There have been several retrospective studies that focus on the prevalence of vestibular
disorders after a concussion and how the disorder can affect and lengthen the recovery process in
the pediatric population. One study found that than 80% of pediatric patients with concussion
presented with vestibular deficits (Corwin et al., 2015). This high prevalence of vestibular
dysfunction following brain injury warrants further investigation regarding the pathophysiology
of the disorder and to better recommend treatment options. Once the disorder is diagnosed, the
child still has a long pathway to recovery. Children with vestibular deficits may take 2-3 ½ times
as long to return to normal activity compared to children without vestibular injury (Corwin et al.,
2015, Ellis et al., 2017).
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Although individual steps between diagnosis and recovery have been investigated
retrospectively and in great detail, there is a lack of qualitative data relating to the entirety of the
healing process from the professionals’ perspectives. This research study is intended to fill this
gap and provide important information that can be used by other medical professionals when
assessing and treating the pediatric patient with concussion. A second study outcome is to
investigate the implications of the Master et al. (2018) and Schilling et al. (2020) research
articles. These studies examined common symptoms that manifest following a concussion and
how the child may be affected by the various symptoms. Since the vestibular system is crucial to
the way people move through space, it is important to ensure early intervention for children with
vestibular disorders to maximize recovery outcomes.
This study will answer the following questions:
1. What is the prevalence of vestibular and ocular dysfunction in the pediatric patient after
sustaining a concussion?
2. What types of assessments are used to diagnose concussion and balance outcomes?
3. How do vestibular and ocular disorders affect the recovery process?
This project will provide a synthesis of findings on the prevalence and patterns of pediatric
patients with concussions and the common symptoms that manifest following the initial injury.
Ultimately, this project serves to increase awareness and educate the public on how concussions
are assessed and treated and how frequently children can be affected by the symptoms that
commonly manifest after injury.
Literature Review
While there is no universally accepted definition for the term concussion, the Centers for
Disease Control and Prevention (CDC) defines it as “...a type of traumatic brain injury-- or TBI--
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caused by a bump, blow, or jolt to the head or by a hit to the body that causes the head and brain
to move rapidly back and forth” (CDC, 2019). This movement within the brain can cause
chemical changes or damage to brain cells. However, each organization or association may have
a slightly different definition of concussion, and therefore have varying criteria that a patient has
to meet to qualify for a concussion diagnosis. Consequently, it is difficult to calculate an accurate
number of pediatric concussions each year. When a concussion is diagnosed, there are often
other symptoms associated, such as dizziness, headache, nausea, confusion, and ‘feeling down’.
The dizziness and nausea can be attributed to the disorder of the vestibular system. This system,
while people typically do not notice its function, is responsible for balance, eye movement,
postural reflexes, and a person’s ability to sense their orientation in space (Purves et al., 2001).
The structures of the inner ear that are the center of the vestibular system are in close proximity
to the brain, meaning that if the brain is injured by impact, the structures of the vestibular system
are also likely to be impacted. This injury can lead to the symptoms of dizziness, nausea, and
disordered eye movement after the concussion.
As previously mentioned, concussions are increasing within the pediatric population.
This could be due to a number of reasons, including, but not limited to, the medical field creating
a more encompassing definition with wider criteria. Youth sports are also becoming more
physical and competitive at younger ages. However, the younger the child with concussion, the
longer it could take for caregivers to recognize the symptoms and schedule an appointment with
a doctor or sports medicine clinician. The child may not yet be able to comprehend and articulate
their symptoms, thus prolonging the wait to see a physician and receive a diagnosis and care
plan. Master and colleagues (2018) completed a retrospective study of 432 pediatric patients with
concussions, and while more than half of the patients presented to the concussion program within
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fourteen days after injury, the majority presented within a month. Some of the main differences
in those that presented after fourteen days were lower age and public health insurance. Patients
without health insurance may take longer to seek care from a concussion clinic because they
want to ensure they really need a doctor if they will have to pay out of pocket fees. Furthermore,
caregivers of pediatric patients with concussions are likely to seek medical help near their homes
meaning that depending on where they live, their chosen doctor probably practices nearby.
Stewart et al (2014) completed a retrospective study of pediatric patients with concussions
between 2006 to 2011 that visited a regional Level 1 pediatric trauma center, which is a type of
care facility capable of treating each aspect of an injury, from prevention through rehabilitation.
They examined 2,112 patient files and found that 387 of the pediatric patients were from rural
areas while the remaining 1687 were from urban areas. The rural patients that presented with
concussion tended to be older than the urban patients, and the rural patients were almost three
times as likely to receive a concussion from a motor vehicle accident than an urban patient.
The media attention on pediatric concussions has grown exponentially recently, and that
is mostly due to concussions caused by sports-related injuries. However, even with increasing
numbers of sports-related concussions (SRC), conflicting minimum criteria for diagnosing a
concussion has caused many injuries to go undocumented and caused injury statistics to likely
underrepresent how often SRCs actually occur (Guskiewicz et al., 2011). In a review of the then
current literature, Guskiewicz et al (2011) found that between 2001 to 2005, patients 8-19 years
old had more than 500,000 emergency department visits due to concussion. Approximately half
of the reported visits (252,807) were due to SRC. Of the original number of patients, the youths
(8-13 years old) who reported to emergency departments had a 58% SRC rate, while the
adolescents (14-19 years old) had a SRC rate of 46%. In the previously mentioned Stewart et al
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retrospective study, along with studying rural versus urban pediatric concussion patients, they
also studied the etiologies of the pediatric concussions. While SRCs are a hot topic within the
media and medical community due to their high prevalence, they are not the only method. Of the
2,112 pediatric patient files studied, nearly half (48%) were related to sports and recreation. Falls
were the next most common (24.9%), followed by being struck by or against another object or
person (10.0%), motor vehicle crash (7.8%), falling from a bicycle (4.4%), intentional (3.9%),
and other (1.2%) (Stewart et al., 2014). This study went on to examine each of the percentages of
the mechanisms of injury under each category of concussion type. Although there are multiple
etiologies for concussion, associated symptoms and recovery are the same. Whether a child was
concussed playing sports or from a fall down the stairs, the child can still experience the
common symptoms of a concussion and the possible long-term effects of an untreated
concussion.
When a child experiences a concussion, they experience associated symptoms beyond the
initial impact. They may feel a range of varying symptoms and the different characteristics of
each symptom; no two concussions are the same. In a retrospective study of almost 4,000
children, ages 10-18 years old, five symptom profiles were reviewed, including vestibular,
ocular, cognitive/fatigue, migraine, and anxiety (Schilling et al., 2020). Each of these five
symptom profiles were discussed further to describe the different traits of each symptom
experienced by the child. The vestibular symptom profile included dizziness, nausea, and
balance problems. Sensitivity to light, headache, and visual problems were labeled under ocular
symptoms. The cognitive/fatigue profile included difficulty remembering, feeling slowed down,
and difficulty concentrating. The migraine symptom profile included headaches, and the anxiety
profile included sadness, nervousness, irritability, and feeling more emotional (Schilling et al.,
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2020). Each of these symptoms can appear in a child with concussion in a variety of ways, and
depending on which symptoms arise, could factor in the symptom duration and recovery length.
Furthermore, patients with symptoms aligning more within one symptom profile may require a
different treatment plan than patients with symptoms in a different symptom profile (i.e., a
patient with predominant symptoms categorized in the vestibular profile may benefit from a
different treatment than a patient with predominantly cognitive symptoms). In this study, the
researchers collected the data in order to determine whether the presence of any particular
symptoms prolonged recovery. A goal with our study is to determine how to better understand
and treat each symptom profile to lessen the severity of each symptom and shorten recovery
time. Several studies have shown that a patient’s total symptom score is one of the most
consistent predictors of a prolonged recovery period for pediatric patients with concussions.
Schilling and colleagues (2020) determined that the type of symptom will influence the symptom
duration, meaning that headache related to the ocular symptom profile will have a different
duration than nausea related to the vestibular symptom profile. Master and colleagues (2018)
also suggested that prolonged recovery may be predicted by the identification of vision and
vestibular dysfunction. Those that presented with ocular and balance deficits had a significantly
longer recovery period compared to those that did not have these deficits. Schilling and
colleagues concluded that children with a higher total severity symptom score had a longer
recovery time compared to the group without a prolonged recovery time (2020). Furthermore,
vestibular, ocular, and migraine symptoms were associated with a higher risk for a prolonged
recovery period, whereas emotional and cognitive symptoms were associated with prolonged
symptom duration (Shilling et al., 2020). In a retrospective smaller study of medical chart and
laboratory test reviews, 42 pediatric patients with SRCs were evaluated to examine their balance
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and vestibular complaints following concussion. In addition to symptoms discussed above, these
participants also presented with hearing loss. Out of the 42 pediatric patients reviewed, 6 (14%)
of the children presented with hearing loss following impact. Three patients were diagnosed with
a mild conductive hearing loss (2 bilateral and 1 unilateral), two patients with sensorineural
hearing loss (one unilateral mild high-frequency loss and the other a pre-existing bilateral
profound loss), and one patient with a unilateral mild to moderate mixed hearing loss. (Zhou &
Brodsky, 2015).
Children are commonly screened following suspect of a concussion to confirm the
diagnosis and assess its severity. Additional measures can assess how the concussion is
impacting the child’s vestibular system, ocular system, and/or their cognitive functioning if the
child’s recovery is prolonged or the symptoms are debilitating. These types of questionnaires and
assessments help the clinician gain a better understanding as to how the dizziness is impacting
the child’s life and wellbeing, which can help tailor the treatment plans more towards the child’s
needs. Assessments that are commonly used are reviewed below in Table 1.
Table 1: Summary of measures to assess vestibular, ocular and/or cognitive function
Assessment

Author(s) / Year

Purpose and Procedure

Dizziness Handicap

Jacobson and Newman, 1990

Questions for the child and/or

Inventory (DHI)

parent assessing the physical,
functional and emotional
aspects of dizziness.

Functional Gait Assessment
(FGA)

Wrisley et al., 2004

Assess postural stability
while the patient walks;
patient will be asked at
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different times to walk
backwards, with their eyes
closed, around obstacles, and
turning their head, among
other tasks.
Gait Speed

Bohannon, 1997

Patient walks from one fixed
point to another at normal
pace while being timed.

Timed UP & GO

Podsiadlo and Richardson,

Patient is timed while they

1991

stand from a seated position,
walk to a fixed point, and
then return to the chair.

Five Times Sit to Stand

Lord et al., 2002

(FTSTS)

Patient is seated with their
arms crossed at their chest.
Patient is timed as they stand
and sit five times.

Vestibular Evoked Myogenic

Colebatch and Halmagyi,

Otolith and muscular

Potentials (Cervical and

1992

functioning is tested by

Ocular) (cVEMP / oVEMP)

Rosengren et al., 2005

placing electrodes around the
face and neck and emitting
sound impulses.

Video Head Impulse Test
(vHIT)

MacDougall et al., 2009

Assess function of
semicircular canals and
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vestibular nerve by measuring
impulses sent to the
semicircular canals.
Rotary Chair

Barany, 1907

Assesses the horizontal
semicircular canal and
vestibular nerve; patient sits
in rotating chair while sitting
in the dark or blindfolded.

Posturography / Sensory

Nashner, 1982

Organization Test (SOT)

Child’s vestibular function is
assessed while measuring
how much force they use in
order to stay upright while in
a harness on a tilting
platform.

Electronystagmography /

Rubin, 1969

Assessing any damage to the

Videonystagmography (ENG

inner ear, nerves, or brain by

/ VNG)

placing electrodes around the
face and measuring impulses.
Test is completed in a dark
room while following a
moving object, following an
object until it is out of sight,
and having warm or cool
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water injected into the ear
canal.

With use of the above assessments, clinicians can measure patient outcomes in response
to intervention and/or treatment. It is unfortunately uncommon for children to complete baseline
testing before they are concussed, leaving assessment post-injury as the baseline from which to
map improvement post intervention. According to Schilling et al (2020), most children recover
within four weeks post-impact, but up to 30% of children experience persistent post-concussion
symptoms, lasting anywhere between weeks to years. The majority of children recover within the
typical timeframe, therefore not warranting the need for further assessment of any lingering
symptoms (Shilling et al., 2020). However, for the 30% of children that have persistent and
debilitating symptoms, their outcomes can be measured through further testing and
rehabilitation.
With the prominence of pediatric concussions in the media, there is an abundance of
research investigating why the recovery process from concussion takes longer than expected.
Several studies have found a correlation between the presence of post-concussion symptoms
(PCS), such as vestibular, ocular, or cognitive dysfunctions, and the length of recovery. Ellis and
colleagues (2017) found that a prolonged recovery time and an elevated risk of PCS development
is associated with the presence of vestibular-ocular dysfunction (VOD). As defined by Ellis et al,
VOD is the presence of at least one subjective oculomotor and vestibular complaint, such as
blurred vision or dizziness, partnered with at least one objective physical examination finding,
such as smooth pursuits or abnormal near point convergence (Ellis et al., 2017). In addition, from
this retrospective study, patients with SRC, but without VOD, took half of the time (20 days) to
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recover from the concussion compared to patients with SRC and VOD (40 days) (Ellis et al.,
2017).
Dizziness is a symptom highly associated with VOD and has been shown to prolong
recovery time in concussed individuals. Brodsky and colleagues (2018) reported that dizziness is
the only “on-field” indicator of a prolonged recovery time. In this study, not all patients had an
SRC, some resulted from car accidents or an impact with another object, but dizziness remained
the one symptom immediately after injury that estimated a long recovery (Brodsky et al., 2018).
It was suggested that this was due to the blow to the head which resulted in trauma not only to
the brain but also to the vestibular system in the inner ear (Brodsky et al., 2017).
An important aspect of vestibular assessment is to assess the vestibulo-ocular reflex, or
the eyes ability to fixate on a target with head movement. In a large study by Corwin and
colleagues (2015), 170 out of 247 (69%) pediatric patients had an abnormal VOR after
concussion. These patients took an average of 106 days to be cleared to return to normal activity,
compared to the 29 days it took patients with a normal VOR to be cleared. Through this finding
and others within the article, it was concluded that vestibular abnormalities found during the
initial examination may indicate a poorer prognosis, but a delay in recognition and treatment of
these vestibular injuries can contribute to even poorer outcomes (Corwin et al., 2015). This
emphasizes the importance of early identification and intervention for faster recovery.
Furthermore, vestibular damage was found in 100% of pediatric patients with ≥3 concussions
and 81% of those with ≤2 concussions, indicating that the more concussions a patient endures,
the more damage to their vestibular system, leading to a longer recovery after each individual
concussion.
Methods
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A qualitative survey (Appendix A) was created using Qualtrics (Qualtrics, Provo, UT)
which posed questions about the patient and clinician demographics, prevalence of associated
symptoms, patterns of the associated symptoms, assessment of concussion and associated
symptoms, treatment of the concussion, and the outcomes after assessment and treatment.
Participants were included if they were a professional clinician that assesses and/or treats the
patient population of children with concussions.
This study was approved by the Institutional Review Board at the University of Akron
(Protocol #20210414). A list of names, mailing addresses, and emails of professionals working
with the intended population was compiled from hospitals and clinics across the United States.
The list was compiled from a comprehensive search of hospital and clinic websites that offer
services to this population. A letter with the survey invitation and survey QR Code (Appendix B)
was mailed if email information could not be found. The invitation and survey link were also
posted to social media groups that targeted potential participants also providing services for the
intended population. Emails and letters were sent within the same week. Participants were
required to consent (Appendix A) prior to accessing the survey. The survey was available to
participants from June 2021 through August 2021. It included 43 questions and took
approximately 10-15 minutes to complete. Following the deadline, completed surveys were
reviewed and analyzed to assess for patterns in deficits, treatment, and/or outcomes of
concussion in relation to vestibular disorders that can occur post-concussion.
Results
A total of 25 professionals from across the country responded to the online survey. Of the
25 surveys, 16 were fully completed. Occasionally, questions were left unanswered if they did
not apply to the professional responding. Some questions had fewer responses because it
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required a previous question to be answered a specific way to display another question, leading
some questions resulting in smaller answer pools than others. One survey was discarded because
the participant conveyed they did not work with pediatric patients. Survey responses can be
viewed in Tables 2-5 and Figures 1-2.
Table 2: Demographic Information
Demographic Questions
(1) Profession

Detail
Audiologist
Physical Therapist
Sports Medicine Doctor
Other
Neuropsychologist
(2) Length of position
0-5 Years
6-10 Years
11-15 Years
16-20 Years
21+ Years
(3) Highest level of education Bachelor’s
Master’s
Ph.D./Au.D./M.D.
Other
DPT
Clinical Doctorate
(4) Type of facility employed Hospital
at
Private practice
Clinic
School (K-12)
University-based clinic
setting
Other
(5) Community type
Suburban
Urban
Rural
(6) Typical parental education High school diploma or less
level
Some college or trade school
Bachelor’s degree or higher

Percentage (N=16)
56.25%
25%
12.5%
6.25%
12.5%
31.25%
18.75%
12.5%
25%
6.25%
0%
75%
18.75%

81.25%
6.25%
0%
0%
12.5%
0%
50%
50%
0%
6.25%
56.25%
37.5%

VESTIBULAR PATTERNS IN PEDIATRIC PATIENTS WITH CONCUSSIONS
(7) Patients have medical
insurance (n=15)*
(8) Number of patients per
day

No
Yes
1-5 Patients / Day
6-10 Patients / Day
11-15 Patients / Day
15+ Patients / Day
(9) Serve pediatric patients
No
Yes
*One respondent left the question unanswered

0%
100%
37.5%
31.25%
18.75%
12.5%
0%
100%

Figure 1: What is the prevalence of concussions and the disorders that are common postconcussion that you see in your pediatric patients?

Table 3: Patterns
Patterns
Questions
(1) Etiologies

Sub-question (when
applicable)

Detail
Sports-related
Trauma induced by another
person or object
Falls
Motor vehicle accidents

Percentage
(N=16)
56.25%
25%
0%
12.5%
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(2) Symptoms
acute or chronic
(3) Number of
concussions per
patient
(4) Vestibular
symptoms
(5) Vestibular symptoms
(n=9) (Select all that apply)

(6) Incomplete static
compensation (n=9)

(7) Incomplete dynamic
compensation (n=9)

(8) Medications prescribed
for vestibular disorders (n=9)

(9) Length of vestibular
symptoms (n=9)

Other
All categories equally

6.25%

Acute (resolved < 28 days)
Chronic (resolved > 28
days)
1 concussion
2-3 concussions
4-5 concussions
6+ concussions
Yes
No
Nystagmus
Disequilibrium
True vertigo
Nausea/vomiting
Headache
Other
Motion sickness
Motion sensitivity
0-20%
21-40%
41-60%
61-80%
81-100%
0-20%
21-40%
41-60%
61-80%
81-100%
No
Yes
Meclizine
Zofran
Amitriptyline
SSRIs
1-3 days
4-6 days
7-9 days

37.5%
62.5%
25%
75%
0%
0%
56.25%
43.75%
0
7
3
7
9
2

44.44%
33.33%
11.11%
11.11%
0%
0%
22.22%
55.56%
11.11%
11.11%
55.56%
44.44%

0%
11.11%
0%
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(10) Auditory
symptoms?
(11) Auditory symptoms
(n=2) (Select all that apply)

(12) Ocular
abnormalities?
(13) Ocular abnormalities
(n=10) (Select all that apply)

(14) Motor
dysfunction?
(15) Motor dysfunction
(n=4) (Select all that apply)

10-12 days
13-15 days
15+ days
No
Yes
Hearing loss (of any degree)
Tinnitus/ringing in the ear
Aural fullness/pressure
Otalgia (ear pain)
Otorrhea (ear drainage)
Hyperacusis (sensitivity to
loud sounds)
Other
APD
No
Yes
Nystagmus
Dysmetria
Saccades
Gaze instability
Smooth pursuits
Convergence insufficiency
Other
Dynamic Visual Acuity
No
Yes
Abnormal tandem gait
Uncoordination
Frequent falls
Difficulty standing on one
foot
Clumsiness
Other

33.33%
11.11%
44.44%
87.5%
12.5%
1
1
1
1
0
2
1
37.5%
62.5%
1
1
4
4
5
7
2
75%
25%
2
2
0
3
3
0

Figure 2: Which of the following assessments do you use for your pediatric patients with
concussion?
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Table 4: Treatment
Treatment Questions
(1) Balance/vestibular
intervention (Select all that
apply)

(2) Follow RTP protocol?

(3) Ease back into
schoolwork?

Table 5: Outcomes

Detail
Vestibular rehabilitation
therapy (VRT)
Vestibular occupational
therapy
Rest protocol
Cognitive Behavioral
Therapy
I refer the patient to another
department; I diagnose, not
treat
Other
No
Yes
Does not apply
No
Yes

Percentage (N=16)
15
2
4
5
5

0
0
100%
0%
6.25%
93.75%
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Outcome Questions

Sub-question (when
applicable)

Detail

(1)Measure outcomes?

No
Yes
(2) Measure balance Dizziness rating
outcomes (n=10)
ABC
(Select all that apply) DHI
FGA
Gait speed
TUG
FTSTS
Rotational chair
Posturography
ENG/VNG
vHIT
cVEMP/oVEMP
Audiogram
Other
Motion sensitivity
quotient
DVA testing
VOMS
Rivermead postconcussion symptom
questionnaire
BESS
Concussion
symptom score
PCSI
PCEI
Neuropsychological
testing
VRBQ
PSFS
DGI
(3) Vestibular
No
symptoms prolong
Yes
recovery? (n=10)

Percentage
(N=16)
37.5%
62.5%
0
0
2
2
0
0
0
0
2
2
0
1
1
9

10%
90%
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(4) Ocular symptoms
prolong recovery?
(n=10)
(5) Motor symptoms
prolong recovery?
(n=10)
(6) Cognitive
symptoms prolong
recovery? (n=10)
(7) Return to Normal
Activity? (n=14)*

No
Yes

10%
90%

No
Yes

70%
30%

No
Yes

20%
80%

1-7 days
8-14 days
15-21 days
22-28 days
29-35 days
36-42 days
43-49 days
50-56 days
57-63 days
64+ days
(8) ImPACT for
No
Cognitive Assessment?
Yes
(9) Establish baseline Before concussion and
before or after
measure damage
concussion (n=3)
After concussion and
measure progress
Other
Baseline then
comparison
(10) Other methods to
No
measure cognitive
Yes
performance?
COBALT
Cognigram
(11) Schedule followNo
ups?
Yes
(12) Follow-up
Never
attendance? (n=10)
Sometimes
About half of the time
More often than not
Always

0%
14.29%
7.14%
21.43%
14.29%
21.43%
0%
0%
0%
21.43%
81.25%
18.75%
33.33%
33.33%
33.33%

75%
25%

37.5%
62.5%
0%
0%
10%
60%
30%
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(13) Longer recovery
No
after first concussion?
Yes
*Two participants chose to leave this question unanswered

23

31.25%
68.75%

The last question of the survey was optional for the participants. It asked whether there
was anything that was not mentioned in the survey that should be brought to the investigators’
attention about this specific patient population. Only six of the respondents chose to respond.
Some of the comments were specific to the survey itself instead of the patient population, but
others included clinical comments, such as the fact that many of the patients in this population
tend to develop 3PD (Persistent Postural Perceptive Dizziness), which can lead to a prolonged
recovery, or that most of these patients recover within three to six weeks. It is only the patients
that do not recover within six weeks that are referred for further treatment, which is a small
population. One respondent left a comment about how pediatric concussions are currently
treated:
“Too often we look at [Return to Play] as a measure of the patient being ready to "get
back to it;" however, in my experience working with pediatric concussion, I've found it to
be a poor one. Post-concussion we're working with a different brain and trying to
repair/rebuild and/or route new connections that had previously taken years to establish.
Unfortunately, that doesn't happen in 2-3 months, even despite the resilience and
plasticity of the pediatric brain. I don't think we've heeded caution to the detriments of
long-term changes in these systems over time that leaves the kiddos vulnerable to repeat
and potentially more damaging injuries....”
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Discussion
With 16 total participants from four different professional fields, this study is significant
due to its approach to analyze concussion from multiple disciplines and through the entire
process, from diagnosis to treatment and measurement of outcomes. When reviewing the
literature on concussions, the treatments, and associated disorders, most research focuses on SRC
and in high school-aged patients, leaving gaps in research for young children and those that
receive concussions from other mechanisms. From the respondents, there is a wide range of
professional experience in the individual fields, as shown in Table 2. Research participants have
worked in their fields anywhere between 5 and 21 years.
The first goal of this project was to examine any patterns in deficits, treatments, or
outcomes of concussions in relation to the vestibular disorders that can occur post-concussion.
The objective of this goal was that the professionals that treat the pediatric patients with
concussions would be asked a series of questions relating to how they assess and treat the patient
population. The second goal is to raise awareness regarding the prevalence of the common
vestibular disorders in the pediatric population after sustaining a concussion. The objective of
this goal was that by completing and publishing this research, other students and professionals
can read the results and learn more about how common it is for a child’s vestibular system to be
impacted by a blow to the head. The third and final goal is to assist in creating more tailored
treatment plans that address the cause, rather than just the symptom(s) associated with the
disorder. The objective of this goal was that by asking the questions of the survey and finding
patterns within the assessments and treatments, the conclusions drawn can later be used by
professionals to help establish more individualized treatment plans.
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Results indicate that the prevalence of vestibular and ocular disorders are much higher
than cognitive or motor impairments following concussion, and furthermore, vestibular and
ocular disorders are suggested to prolong recovery time following concussion. These results are
consistent with the findings of Corwin et al (2015), who found that 81% of their 247 pediatric
patients with concussions showed vestibular abnormalities, 69% of those with abnormal VOR
and 80% with abnormal tandem gait. The results of this survey being lower than other research
findings can be explained by a smaller pool of respondents. But the data from this study
contributes to a clearer understanding that vestibular and ocular dysfunction are very common
after a concussion, and both can affect the recovery period. This also emphasizes the importance
of appropriate referrals for pediatric concussion patients, e.g., those that are qualified to perform
assessments of the vestibular and ocular systems. It is suggested by our data that computerized or
machine-based assessments are used more frequently when assessing a child with a concussion
rather than questionnaires or tests that do not require equipment. Certainly, objective measures,
such as those obtained from computerized or machine-based assessments are valuable, however,
clinicians should not avoid the use of subjective questionnaires which can be associated with
how the patient’s injury is affecting their quality of life; patient centered care is important.
In the outcomes section of the survey results, nine of ten (90%) of respondents selected
that they have found that vestibular dysfunction and ocular disorders prolong recovery. When
asked about motor dysfunction prolonging recovery, only three of ten (30%) of respondents said
yes. However, when asked about cognitive dysfunction, eight of ten (80%) of respondents
selected that they have found that it does prolong recovery times. As discussed in the previous
paragraph, the vestibular and ocular systems are frequently affected by concussions, so it is only
to be expected that the dysfunction of these systems would prolong the recovery period. The
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results of the survey build on existing evidence of why vestibular and ocular symptoms draw out
the recovery times. The findings of the survey align with the results of both Master et al (2018)
and Schilling et al (2020); Master and colleagues (2018) identified that children with balance
deficits and monocular accommodative amplitude, a type of ocular dysfunction, took
significantly longer to recover compared to the children that did not present with these
dysfunctions. Schilling and colleagues (2020) concluded that vestibular and ocular symptoms
have a higher risk for an extended recovery period; this is in agreement with both Master et al
and the results of this study. Since it has been concluded in several studies that these specific
symptoms may lengthen the patients’ recuperation times, these symptoms can be targeted earlier
in the treatment and with greater effort, knowing that it can shorten recovery and return the
patient back to their normal routine.
In the results section, it is stated that when patients were asked whether their typical
patient’s symptoms are acute, lasting less than 28 days, or chronic, lasting longer than 28 days,
ten out of sixteen (62.5%) respondents selected that the symptoms tend to be chronic. This does
not align with the findings of Schilling et al (2020). They found that 70% of children recover
within four weeks, leaving the other 30% with lingering symptoms that can last from weeks to
years. The results of this survey did meet the investigators expectations; from previous studies, it
has been concluded that recovery from a concussion lasts longer when there are other persistent
symptoms. Since the primary focus of the survey was on vestibular dysfunction that typically
follows concussions, the survey’s data did follow along with the hypothesis that most clinicians
find patients tend to have chronic symptoms. The difference in this survey’s results and the
Schilling et al results can most likely be explained by either the lack of data available in this
survey, the fact that this survey was qualitative and the Schilling et al was a retrospective case
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study, therefore allowing for the Schilling et al data to be more accurate, or that this survey was
specifically intended for professionals that treat patients with persistent symptoms. Later in the
results section, it is shown how respondents answered the question about how long their typical
patient takes to return to normal activity (Table 5). The responses to this question also do not
agree with other research. In this survey, the responses are scattered, leaving no discernable
pattern as to how long it typically takes a pediatric patient to recover. The investigators believe
that a greater number in responses would have created a more defined pattern to determine how
long it truly takes for a typical pediatric patient with concussion to recuperate.
When looking over the results of which assessments are most often used after a
concussion (Figure 2), the results are varied, so it is difficult to establish any patterns. One
finding was that the assessments that require machines or equipment, such as oVEMP, vHIT, or
ENG, are used much more frequently following concussion than inventories that require only a
questionnaire, such as the FTSTS or gait speed. However, after a concussion diagnosis, when the
patient returns for an assessment of residual symptoms and to measure outcomes, questionnaires
and inventories are commonly used (Table 5). Objective data is collected by using diagnostic
equipment that requires machines, and subjective data is collected by using surveys and
questionnaires. This pattern does not align with any known research, but it was an interesting
finding. These results should be taken into consideration when a clinician is completing
assessments for both the initial concussion and any resulting symptoms. If both objective and
subjective assessments can be used during the first diagnosis and for any other persistent
symptoms, there may be a wider view of how the patient is affected throughout the process from
initial impact to full recovery. This further allows for a comprehensive analysis of the impact on
the patient’s quality of life.
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The reliability of this research study is limited due to the small number of participants.
This can be explained because the recruited participants come from a very specialized field;
participants must serve pediatric patients with vestibular dysfunction, but the dysfunction must
be only due to a concussion. With such few responses, it is difficult to take the survey results and
generalize them into accurate conclusions. The survey is qualitative, meaning the results are
subjective and opinion-based, making the survey limited. Future research on the prevalence and
patterns of vestibular disorders in pediatric patients after concussion may focus more on
vestibular rehabilitation therapy and responses from those that work in this field due to the
higher likelihood of working with this specific patient population rather than typical audiologists.
This study could be further advanced by looking at the multidisciplinary approach to concussion
management rather than the individual parts of the professionals and steps to recovery.
Conclusion
This study broadly concludes that vestibular and ocular disorders are highly prevalent
after pediatric concussions, and if treated swiftly and with individuality, the patient may have a
shorter recovery. The rationale for this project was to gather data about the patterns, assessments,
and outcomes of pediatric patients with concussions and learn more about each aspect of the
recovery process. The public may benefit from the outcomes of this research by learning about
the basics of concussion and their treatments and exploring how different medical specialists and
professionals are involved. This project serves to educate the public on the etiologies of
concussions, how they are assessed and treated, and how many different types of clinicians and
doctors are involved in the process of recovery.
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